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Valuations are the Kings
--- of Different Dominions

*» Risk often manifested in changes in value

» Mark-to-market
— Interplay with the capital market
— Asset side: mark to market
— Calibrate future interest rates to a no-arbitrage models

* Mark-to-model becomes important if it affects
accounting or management decision
— Risk acceptance pricing decision
— Fair value of liabilities
— Historical/statistical analysis plus risk adjustment
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Financial Valuation:
In terms of Market Prices of Risk

» Fund performance (also called Sharpe Ratio):

= { E[R]-r} /o[R]
+ Capital Asset Pricing Model:
A= Corr(Rys By - My
* Black-Scholes-Merton model for options

)\Call Option = )\UnderlyingAsset
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Capital Market Valuation

v “Forward looking” or “Looking over the
shoulders™?
« Actions of market participants themselves can
drive value changes
— Real estate bubble
— Momentum investing
» Market breakdown
— Portfolio insurance strategies
— UK FSA expenence

S. Wang, 2005 JARIP 4
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Nikkei 225 shows that Market
Valuation is not always Rational
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Berkshire Hathaway v.s. Nasdaq
Tech Herd v.s. Buffet lone-ranger
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Differences in Valuation Drive
Arbitraging Transactions
+ Financial arbitrage
— Buy and sell instantly
» Accounting arbitrage

— Finite reinsurance
— Fair value accounting
» Regulatory arbitrage (capital requirement,
tax):
— the development of the Bermuda market

S. Wang, 2005 JARIP 7
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Actuarial Valuation

+ Largely rely on historical experience data

— Although actuaries need to interact with the
capital market on the asset side
+ With historical experience as an anchor,
actuaries add explicit or implicit risk
adjustment

 Actuarial valuation normally has a long
time horizon due to nature of products

S, Wang, 2005 JARIP g
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How to interpret changes m value?

» General Motors had nearly US$23 billion
pension deficit in year 2002

+ In 2003, the pension deficit disappeared
because of changes in interest rate

* Short-term volatility versus long-term mean
reverting

5. Wang, 2005 JARIP 9
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P-measure v.s. Q-mcasure

« 2 mega earthquakes between 1900 -- 2000
Year 1923, the Great Kanto Earthquake.
January 17, 1995 Kobe, Japan

P-measure or physical measure: one-in-fifty year event.

+  Consider a contract that has a binary payoff

If an earthquake with a scale of 7.0+ hits Greater Tokyo,
then the payoff'is $100 million.

Suppose the price for such a contract is $5 million,

Q-measure: the implied probability of an earthquake is a 20-
year event.

5. Wang, 2005 JARIP 10

SHOMOELR My 232205 A TOWUEICHTEIDTT, REILRDO, 7oL 2 IZTRBERED X
IGLOEFMLEY)ET L&, HENETPTHEEERLRLI T, 2L o054 FTOBRMEHN
HY. —ONPHIE., b0 QEETT, PRIELIIMMAI, IZHLEL & H. BOEKLIC, HEIE2
MOKE B EERLE L. —DOP192F0BRARN, b5 D0 195FE0MT Ty, PHE. 5%
WITREETEIRE CTIE, 5 04EIC—BE, 0.02H 5 VIE2%DHERL VW E T, 20X ) ITHRFNIET L O Pl
ETT, ZO0/R, 0212 LR EZRNEARTLEE N, "M 37T 7= Fa—-F7.
ODHERBI 5L IBIFVERS ZE2RBELFEFLL . HRATEYI Y — - AF—) (R7=F 2—
F) TEZEEERME) LI TELTLLE). £2°C. CORYOMHETTH, 1HFVD2% (20057
FV) BLEICENWEBETEE T, 2E%5, COVAZE5[EZTHANE. BEREZH/ATLIOC, #
DHER (ERIZAT) 2RKDBLOTT, ZOL) LREBRERMT 2ICEKRELERE AT HLEND

2o &R 71



NET, COTHOMBEE 2007 FVTHRL50 0 FIVETEE, QREIETIAS%OMERLEV) Z LTk
DNEF, MEIZWH)E20FIEENIZETT, WNTLE) D, PHlELQRIEDEVIHEMTE X
L72TL &9 d BATES M2 UL, THIEQRAIEICRD £7, AEOEREF— 5 T, Pl
BllaDEd, CCTHEICALZDIZQEPOZODHE S 3= DOMEFME 2% b DI Lv)

ZETY,

Financial & Insurance Pricing

Mapping between 1
1. Loss Curve
— physial measure
- 809 =1-F(x)
2. Pricing Curve
—  risk-neutral measure 0
- ') =1-F'(x)

S Wang, 2005 JARIP 1
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Loss Distribution Curve

Expected Loss =
Area Below Curve
Sx(t) = Pr{ X>t}
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Venter 1991 ASTIN Paper
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Insurance prices by layer implies a
transformed distribution
layer (1, t+dt) loss: Sy(t) dt
layer (t, t+dt) price: Sy*(t) dt
implied transform: S, (t) —» Sy*(t)
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Graphic Representation

S Wang, 2005 JARIP
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Wang Transform

« Maps a loss curve to a price curve:
F(x) = Q[O(F()) + 4]

v @ is the standard normal distribution

v ) - extends the Sharpe ratio to skewed
distributions

v Recovers CAPM and Black-Scholes-Merton

5. Wang, 2005 JARIP 15
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Unified Treatment of Asset / Loss

¢ A gain X for one party is a loss for the
counter party: Y = —-X

» With opposite signs of A, we get the same
price for both sides of the transaction

Ei(x)= ol (B (x)+ 4
Fin=ol@ (5 ) 4)

S. Wang, 2005 JARIP 16
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Adjustment for Higher Moments

Inspired by going from nermal to Student-t in
sampling theory, we propose the following two-
factor model that reflects risk adjustment for
higher moments:

F*(3) =00 (F(») + )

S. Wang, 2005 JARIP 17
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Radon-Nikodym Derivative: From Nomal to Student
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Insights for the 2nd factor

»  Student-t factor inflates extreme tails

= Explains investor behavior: grecd vs fear
» Investors desire large gains (internet lottery)
» Investors fear large losses (market crash)

= Consistent with “volatility smile” in
observed option prices

S. Wang, 2005 JARIP 19
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Wang transform explains well empirical
Cat Bonds Yield Spreads
{Date Sources: Lane Financial LLC)

Yield Spread for Insuran ce-Linked Secuiities
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Fit 2-factor model to corporate bonds

Bond Rating and Yield Spread
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S. Wang, 2005 JARIP 21
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Earthquake Contingent
Payoff

» Under a contingent payoff, XL RE pays
nothing if Richter below 6.0.

 Otherwise, XLL RE pays an amount equal
to 100exp(Richter—6), capped by
100exp(1.0)

+ All payments to be delivered on 12/31/06.

S. Wang, 2005 JARJP bY]
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Richter Estimated

Shinde Pay-off Prob
Japan Earthquake [ s | -« %

$ - 0.900
600 | $ 1000 | 0012
610 | $ 1105 | 0011
620 | § 1221 0.010
Estimated 630 | $ 1350 | 0.009
Distribution 640 | § 1492 0.008
for the 650 | § 1649 0007
650 | $ 1822 | 0.007
Largest 670 | $ 2014 | 0.006
Earthquake 680 | § 2226 | 0.005
in Tokyo in 690 | § 2460 | 0.005
2006 7.00+ $ 278 0.020

E{X] $ 1743

S. Wang, 2005 JARIP 23

WINIR L, EOENEER, BEICEISIAM A THBSG 20N TwHELET, 22T M50
DAFAIAT ~EFY Y IZOV T I THIMZ T, TITIREMOEFY ¥ &%t (Risk Management
Solutiontt 72 &) THoTWE I IBRDDEEZTCVETI, HHL Uy YOHTHI2HBICH L TOr=F
2— FOMEFLZTFHUTHILNTEET, HIE LT, ZOXATA FOL ) L PBHRNEH-72ELT. 22
TR,  OBEHAA F 78 %2 LM T T 55 TY,
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Price EQ contingent payoff (A\=0.4, d.£.=6)

Richter Estimated | 1-factor | Weighted 2-factor | Weighted
Shindo Pay-off Prob WT Payoff WT Payoff
Scale x () () xf*® () @

$ - 0.900 0.811 $ - 0.794 $ E

6.00 $ 1000 0.012 0.019 $ 19,2 0.018 R B

6.10 $ 1Los 0.011 0.018 $ L97 0.016 $ 1.3]

6.20 $ 1221 0.010 0.016 $ 2m 0.015 $ 186

6.30 $ 1350 0.009 0.015 $ 206 0.014 $ 19

6.40 $ 1492 0.00g 0.014 $ 21 0.013 $ 19

6.50 $ 1649 0.007 0.003 $ 217 0.012 $ 1B

6.60 $ 1822 0.007 0.012 $ wn 0.012 $ 210

6.70 $ 214 0.006 0.011 $ 2.8 0.011 $ 218

6.80 $ 2226 0.00s8 6.011 $ 234 0.010 $ 223

6.90 $ 2460 0.00s 6.010 $ 241 0.010 $ 2.41

1.00+ $ 2718 0.020 0.049 $ 1334 0078 $ 0

E[X] s 1143 | B[ s 434 | E'[X) $ 40.60

S. Wang, 2005 JARIP u
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Mhnzhd LhEtAo BiIlKEo2LHIC, HBF— 5 ISV TIOKELB T, AIr2T, 1%
045, BHEZSHEE LML E LA FOLURECa t Ry FICEEKLRIEERIBD THVEZ 720
TTo ZNDBVAZ TVLITANE TCOBL R2BHATHY, ETCHRERTOT 49 b=V UV 2RER
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ELTEET CORIA FORIIDHH LD IC. BAHENENEIATIE, 27778817775~
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Applications in Fair Value
Calculation & Capital Allocation

» Wang transform is a mark-to-model tool
— for calculating fair value of insurance liabilities

* It can also produce robust and consistent
risk-based capital charges

S. Wang, 2005 JARIP 25
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Applications in Calculating Capital
Charges

Bi-Model Distribution B Apply Wang
* LJ\ transform to stylized
"‘ o ] risk ratio distribution
g T for a line of business

aue
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B
£, ij + Use benchmark price
H ’1 to back out required
—

N capital charge
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S. Wang, 2005 JARIP 26
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Use Wang transform to derive Capital
Charge Factors for ground-up risks

Target Excess
SharpeRatio Retum Over Risk-
free Rate
0.3 10%
UW Year Payout | Annualized | Annual Capital

Line of Business Volatili Duration Volatility | Charge Factor
PPA Liab 4.0% 23 2.6% 0,08

Prem/Ops Small 113% 3 6.5% 0.20

Prem/Ops Large 26.4% 6 10.8% 032

Comml Auto NonFleet 6.9% 33 3.5% 0,11

Comml Auto Fleet 37.1% 38 19.0% 0.57

Worker Comp Small 12.6% 10 4.0% 0.12

Worker Comp Large 28% 113 8.2% 025
S Wang, 2005 JARIP 7
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TA4— QALYADORT T4 Y74 -3, EFEHEHED /) V7 — Md6.9% T, FHELTHLVEHI
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Apply Wang transform to derive
relativity (excess biz v.s. ground-up) in
capital charge factors

150 xs 100 | 250xs250 | Fie500 [1Mxs ™M Mxs2M | SMxsM

Pers Auto Liab 1.67
Comm Auto Liah NonFleet 187
Comm Auto Liab Fleat 12 1.45 167 2 28 35
PremsOp Simall 12 148 167 ) 28 35 T
S. Wang, 2005 JARIP 2

Case Study: Wildly Different

Capital Allocation Methods
Gary Venter, Feb 2002 Actuarial Review

In 2001, the CAS F’;"Pﬂt'vk.& wi &
ainter ist™
called for papers to
analyze a % af Suph s%?t Relati
- . of Surplus| Surplus glative
hypothetical insurer, Allocated | Allocated | Ratio
recommend a Warkers Comp 41% 1% 373
; Auto Liab 26% 25% 0.90
reinsurance program
all P > [HOICMP Prop 1% 51% 0.22
ocate capital, etc Auto PhysDmg | 1% 1% 1.00
GL/CMP Liab 21% % 283
Total 100% 100% ]
* From Swiss Re
** From Murnich-American Re
S Wang, 2005 JARIP 29

Wang transform method gives
robust numbers

* Let “T” be the average duration of insurance payout
» Let X be the risk for time horizon T

* Phibrick/Painter: RiskCapital(X;) = T * RiskCapital(X,)
* Bohra/Weist: RiskCapital(X;) = RiskCapital(X,)

* Wang transform:  RiskCapital(Xy)

= Sqrt(T)* RiskCapital(X,)

S. Wang, 2005 JARIP 30
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Next frontier:

Multivariate extension of Wang transform

Analytical framework for creating an
Internal Market within a large organization

Balances corporate goal with operating unit
concerns

» Has applications in portfolio optimization

S. Wang, 2005 JARIP 31
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